Sensing ions and molecules by fluorescent chemosensors is highly applicable to a wide range of technologies and has currently been studied intensively. 1,2 Lewis acid-base reactions are extensively used as a driving force for the recognition of cations, while hydrogen-bondings are mainly used for the recognition of anions. One application of the Lewis acid-base reactions to anion-sensing is the fluorometric detection of fluoride with boron-containing compounds. 3, 4 The high affinity of boron to fluoride and the change in fluorescent characteristics with an increase in coordination number of boron were successfully utilized for the detection of fluoride.
Introduction
Sensing ions and molecules by fluorescent chemosensors is highly applicable to a wide range of technologies and has currently been studied intensively. 1, 2 Lewis acid-base reactions are extensively used as a driving force for the recognition of cations, while hydrogen-bondings are mainly used for the recognition of anions. One application of the Lewis acid-base reactions to anion-sensing is the fluorometric detection of fluoride with boron-containing compounds. 3, 4 The high affinity of boron to fluoride and the change in fluorescent characteristics with an increase in coordination number of boron were successfully utilized for the detection of fluoride.
The group 13 metal complexes with 8-quinolinol derivatives (Hq: 8-quinolinol, Hmq: 2-methyl-8-quinolinol) have recently been attracting much attention as a component of the organic light-emitting device. The aluminum complex with a parent compound of 8-quinolinol, [Alq3], has been used as a green light-emitting material. 5 The effects of substituents on the optical performance were studied; [Al(mq)3] was reported to show a blue emission, which was ascribed to an electrondonating methyl group. 6 Later, the mixed-ligand complex with Hmq and phenol (PhOH), [Al(mq)2(OPh)], has been proposed as an alternative having a higher chemical stability. 7, 8 To explore the further possibility of the Lewis acid-base reactions for the fluorometric detection of anions, we have studied the reactions of these aluminum complexes ([Al(mq) 
Spectroscopic studies
The solvents were dehydrated with molecular sieves; the residual water concentrations were 10 -2 mol dm -3 for DMSO and DMF and 5 × 10 -2 mol dm -3 for EtOH.
The
-, H2PO4 -, and CH3COO -were used to examine the reactions of metal complexes with these anions. A series of solutions containing metal complexes (10 -5 mol dm -3 for [Al2O(mq)4] and 10 -4 mol dm -3 for the others) and anions up to a molar ratio of 9 against Al were prepared, and their spectroscopic properties were evaluated. In the presence of an excess Hmq, the absorbance at 400 nm and the fluorescence at 510 nm with an excitation at 400 nm were monitored to avoid the absorption by Hmq. In the absence of any excess Hmq, the absorbance at 310 and 360 nm and the fluorescence at 480 nm with an excitation at 360 nm were also monitored.
The lifetime of photoluminescence was measured with a time-resolved spectroscopic system, PTI-5100S (Photon Technology International).
X-ray crystal structure analysis
The crystallographic data for [Al(mq)3]·EtOH are summarized in Table 1 . A yellow needle-like single crystal was sealed in a glass capillary, and the X-ray diffraction data were collected at 283 K on a Rigaku R-AXIS-IV imaging plate area detector with graphite-monochromated Mo Kα radiation (λ = 0.71073 Å). Among these data, 25 reflections with 2θ = 20 -25˚ were also collected on an Enraf Nonius CAD4 four-circle automated diffractometer under the same conditions. The accurate unitcell parameters used for the refinement were determined by least-squares calculation of the setting angles of these reflections. All the reflection data were corrected for Lorentz and polarization effects, and the independent reflections with Io 2σ(Io) were used for structure analysis calculation. The structure was solved by the direct method (SAPI 91) 9 and was refined anisotropically for non-hydrogen atoms by the fullmatrix least-squares technique. Refinement was continued until all shifts became smaller than one third of the standard deviations of the parameters. The solvated ethanol molecules were disordered; the occupancy factors of O atoms of ethanol, O(2) and O(3), were respectively converged to 0.7 and 0.3 by isotropic treatment. Atomic scattering factors and anomalous dispersion terms were taken from the literature. 10 The max shift/error in the final cycle was 0.202, and the final difference Fourier map did not show any significant peaks, except for the environment of the Al atom. All the calculations were performed on an IRIS-Indigo computer by using the teXsan crystallographic software package.
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Results and Discussion
Preparation and crystal structure of [Al(mq)3]
2-Methyl-8-quinolinol had been proposed as one of the 8-quinolinol derivatives with a specificity of not precipitating aluminum from an aqueous solution. In the 1960s, however, some evidence for 1:2 species was found in absolute EtOH and in the solvent extraction system, 12, 13 and some for the tris complex in a molten Hmq system. 14 Later, selective preparation of these complexes was established using different organic solvents like chloroform and DMSO. 15 The methods of precipitating the tris complex from aqueous media were also developed by the use of an auxiliary ligand including OH -. 16, 17 The lower species was determined to be a µ-oxo dimer, [Al2O(mq)4], by X-ray crystallography, 18 although a contradictory assignment is still pending. 19 On the other hand, the structure of the tris complex has not been studied. Recently, the structure of [Al(mq)2q], which was obtained by the reaction of [Al(Et)(mq)2] with Hq, was reported, but it was described that the corresponding reaction with Hmq only gave the starting material. 20 The tris complex was prepared by using aluminum isopropoxide and an ethanol medium, and was isolated as an ethanol solvate. Figure 1 shows the molecular structure of [Al(mq)3], which has a discrete octahedral geometry in a meridional configuration with respect to mq -. (av.) is shortened by 0.06 Å with a slight reduction in Al-O (av.). 18 In agreement with the conclusions of the synthetic studies in late 1960s, [12] [13] [14] [15] [16] [17] [Al(mq)3] does exist in solid states, but the weakened Al-N bonds suggest the instability of this complex.
Dissolution states of [Al(mq)3] in organic solvents
The absorption spectra of [Al(mq)3] dissolved in DMSO, DMF, and EtOH were recorded. They were appreciably different from one another; the absorbance at 360 nm, which is characteristic of free or coordinated mq -, decreased, while the absorbance at 310 nm, which is characteristic of Hmq, increased in the order of DMSO, DMF, EtOH. This order agrees well with that of the residual water concentration. DMSO was accordingly selected for the subsequent studies.
When water was added to the DMSO solution of [Al(mq)3], the absorbance at 360 nm ( ) decreased and became negligible at 5 mol dm -3 (Fig. 2a) . The absorbance at 310 nm ( ), on the other hand, increased with plateaus at two water concentrations of around 10 -1 and >5 mol dm -3 . The fluorescence maximum, with an excitation at 400 nm, was shifted from 488 to 480 nm. The fluorescence intensities ( : λex = 360 nm, λem = 480 nm; : λex = 400 nm, λem = 510 nm) showed convex profiles respectively having a maximum at 10 -1 mol dm -3 (Fig. 2b) . The emission intensity at this concentration almost agreed with that of [Al2O(mq)4] directly dissolved in DMSO.
When an excess Hmq was added to the DMSO solution of [Al(mq)3] at a constant water concentration of around 10 -2 mol dm -3 , the absorbance at 400 nm ( ), where Hmq has negligible absorption, increased and became constant at a concentration >10 -2 mol dm -3 (Fig. 2c) . The fluorescence maximum was shifted from 488 to 513 nm, and the fluorescence intensity ( ) decreased and became constant at a concentration >10 -2 mol dm -3 (Fig. 2d ). All these findings are explained by the following reactions: 24 The water in aprotic solvents is appreciably acidic and easily replaces the weakly bound ligand to give a lower species and a protonated ligand.
Reactions of complexes with anions
The wavelength (Fig. 3b) . The molar ratio plot indicated the stoichiometry of 1:1. Thus, the reaction is expressed by Eq. (3) with the contribution of Eq. (1):
The red-shift of the emission spectra suggested that Eq. (1) was shifted to the left due to Hmq formed through the reaction given by Eq. (3). The absorption spectra at CP/CAl = 2 suggested that the resulting Qmq was also converted to Hmq by some reaction. The reaction of [Al(mq)3] with QF proceeded in two steps. The addition of QF up to CF/CAl = 1 only slightly changed the absorbance at both 310 nm and 360 nm (Fig. 3c) . At a higher ratio, the changes were similar to those by the reaction with QH2PO4. The fluorescence intensity with a plateau at CF/CAl = 1 (Fig. 3d) 
Such mixed-ligand complexes with a coordination number of five have been described to be stable in general. 7, 8 The second reaction formed AlF3 as well as Hmq, which was also converted from Qmq by some reaction. The reaction of [Al2O(mq)4] with QF caused only a small variation on the first reaction because of a minor change in coordination sphere, while the spectral change caused by the second reaction was the same as that by the second reaction of [Al(mq)3] with QF. The reaction of [Al(mq)3] with QHSO4 showed a different pattern from the others. The absorbance at both 310 nm and 360 nm only slightly changed up to CS/CAl = 9 (Fig. 3e) . The fluorescence intensities (Fig. 3f , : λex = 360 nm, λem = 480 nm;
: λex = 400 nm, λem = 510 nm), on the other hand, were appreciably enhanced with a red-shift in the emission maximum. The molar ratio plots indicated the reaction stoichiometry of 1:1. An excess QHSO4 caused no change. Thus, the reaction is expressed by Eq. (6) [Al(mq)3] + QHSO4
[Al(mq)2HSO4] + Qmq (6) This specific reaction occurs even in the presence of 0.7 mol dm -3 water.
In the presence of an excess Hmq (CHmq/mol dm -3 : 0.01 for ; 0.03 for ), the contribution of Eq. (1) -3 , and 10 3.07 for CHmq = 0.03 mol dm -3 . The curves calculated using these constants reproduced the experimental points, respectively. The increase in conditional constant (10 0.45 ) by the decrease in log CHmq (10 -0.48 ) supports the conclusion that one ligand is dissociated on the reaction as given by Eq. (6); Qmq and Hmq are expected to be in equilibrium with each other in DMSO.
In contrast, [Al2O(mq)4] did not react with QHSO4, but did react in the presence of Hmq. Thus, a free Hmq was essential for accommodation of the oxide ion bridging aluminum ions. 
Spectroscopic properties
The spectroscopic characteristics of the complexes are summarized in Table 2 . The fluorescence maximum of [Al2O(mq)4] were located at around 480 nm, which were similar to those of [Al(mq)2(OPh)] (λem = 470 -486 nm). 7, 8 In contrast, the maximum of [Al(mq)3] was located at a longer wavelength of 513 nm, which was similar to those of the other tris complexes with 8-quinolinol derivatives. The fluorescence intensities of [Al2O(mq)4] and [Al(mq)2(HSO4)] were much higher than that of [Al(mq)3]. All these species showed practically the same lifetime. ANALYTICAL SCIENCES AUGUST 2003, VOL. 19 
